Residual standard deviations estimated separately for each year of first freshening from first lactation milk records of artificially sired Holstein cows increased from 1960 to 1982, especially after 1976. The pattern on the square root scale was similar. On the logarithmic scale, residual standard deviations were smallest in the middle of the time period. Heritabilities estimated from paternal half-sib correlations were greater than .30 on all scales until about 1976 when estimates began to go below .20. Estimates were similar for untransformed and transformed records. When records were divided into four herd production groups within each year, the same patterns over time for residual standard deviations were observed as for the combined data for each year. On the untransformed scale, the largest standard deviations were associated with high herd production and the smallest with low herd production. On the square root scale, standard deviations were similar for all herd production groups. On the log scale, residual standard deviations were smallest with high production and largest with low productionthe reverse of the untransformed scale, although differences were smaller. Heritability was highest with middle-production groups and smallest with lowproduction groups. Data available for each year ranged from 1,400 and 2,849 to 6,821 and 58,082 records, respectively, of daughters of sampling and proved bulls with from 115 to 513 sampling bulls.
residuals from a model used to estimate transmitting ability of cows for milk yield (6) . They reported that herds on test for a longer time and herds using more artificial insemination (AI) had smaller residual variances than herds on test a short time and using little AI. Previous analyses, however, suggested that variance increases as production increases (7, 15, 20, 21) , which might explain results of Everett et al. (3) ; herds on test for a long time would furnish records when production was lower as well as when production was higher, whereas herds still on test and for a short time would furnish records only when production likely would be higher. Powell et al. (16, 17) found more "elite" cows in high-production herds than in low ones and suggested that increase in variation with increasing production might be the explanation. That also might be the explanation for the similar results of Everett et al. (3) . Previous reports (2, 11, 14, 15, 20) with some exceptions (9, 19, 23 ) also indicate that heritability may be different in herds with different production. These analyses often were for completely random models which are subject to biases from association of management and sire effects. Herdmate deviations also have been used and seem to provide estimates different from those used with mature equivalent (ME) records (14, 21) .
A usual method of equalizing variances is to transform data. Logarithmic transformation is most frequently used (1, 4, 7) . The consequence of such transformations for milk records has not been studied in depth except for Hill et al. (7) .
Data for this study were milk records from first lactation from an AI-sired population of Holstein cows stratified by year of freshening and herd production; the model eliminated bias because of confounding of herd-year-season and sire effects. The objectives were to: 1) estimate differences in residual components of variance due to time and yield, 2) estimate heritability from paternal half-sib correlations for different time periods and yield, and 3) compare esti-mates of variances and heritabilities from logarithmic arid square root transformations with estimates from untransformed (linear) records.
MATERIALS AND METHODS
Robertson (18) , in memorable style, warned against using records of daughters of proved bulls to estimate heritability from an amongsires analysis. However, if only records of first crop daughters (those used to obtain first progeny proof) freshening in a single year are used, the number of degrees of freedom to estimate residual variance is reduced, and, in addition, absorption of herd-year-season effects may result in the effective loss of more records and perhaps even the loss of sires for analysis (22) . Therefore, records of daughters of both sampling and proved bulls were included as suggested by Meyer (12) and Hill et al. (7) after this study began. Sire and residual components of variance were estimated by Method 3 of Henderson (5) as described by Van Vleck (22) for the model:
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where Yl and Y2 are the vectors of records of proved and sampling daughters; h is the vector of herd-year-season effects; sl and s2 are the vectors of effects of proved and sampling bulls; el and e2 are corresponding vectors of random, uncorrelated residual effects; and X1, X2, Z1, and Z2 are matrices associating effects with records.
Residual variance is estimated as:
where R(h, sl, s2) is reduction in sum of squares due to fitting the complete model; N is the number of records; and r(X,Z) is the rank of the coefficient matrix for ordinary least squares equations for the full model. Sire component of variance is estimated as:
where Z'2WZ2 is the coefficient matrix after absorbing equations for h and sl. Thus only effects of sampling sires contribute to the estimate of the sire component of variance. First-lactation records (adjusted to ME, two times-a-day milking, and 305-d length by standard procedures in use at the Northeastern Dairy Records Processing Laboratory (DRPL)) of AI-sired daughters of Holstein sires were obtained from DRPL. Age at freshening was required to be in the range of 19 to 34.5 mo. Seasons of freshening were December through April and May through November with the computational year beginning in December of the preceding calendar year. Daughters of sampling bulls were required to be born within 45 mo of when the sire's semen was first distributed. Records of the first 80 daughters of a sampling bull freshening in the specified year were included in the analysis for that year. Records of daughters of proved bulls also were included for a year. A bull was defined as proved if he had more than 100 daughters born more than 45 mo after his semen was first distributed. Records of other cows freshening in that year were excluded from the analysis. A bull could be defined as a sampling bull in one year and as a proved bull in a later year. The final data set was limited to freshenings from 1960 through 1982 (see Table 1 ).
Herd production was categorized by the rolling herd average for milk yield as of May of that computational year. Although not completely independent of the data being analyzed, as would be ideal, rolling herd average consists of actual yearly milk yield of all cows in the herd, not just first-lactation ME records of AI-sired cows. Records were divided into four groups with three dividing points for each: average rolling herd average associated with cows in the data set freshening in that year, average rolling herd average plus or minus the standard deviation of the associated roiling herd averages. Thus, the lowest production group contained about one-sixth, the two middle groups about one-third each, and the highest group about one-sixth of the records. For more detail see Mirande (13) .
Milk, fat, and fat test records were analyzed for variance and covariance components as were the natural logarithms and square roots of these traits. Heritability was estimated as four times the paternal half-sib correlation, genetic correlations were estimated from the sire components of variance and covariance, and pheno- typic correlations were estimated from the sums of sire and residual components of variance and covariance.
RESULTS AND DISCUSSION
Heritability estimated from milk records when effects of both proved and sampling sires are assumed random as compared with heritability estimates from the procedure described in the previous section are in Figure 1 . As predicted by Robertson (18) , until about 1976, estimates when effects of all sires are considered random were smaller than when using the reduction in sum of squares after eliminating herd-year-season and proved sire effects. After 1976, estimates are similar and are smaller than usually assumed for milk production (10) . These estimates suggest selection of parents of sampling bulls with daughters freshening prior to 1976 was not effective enough to reduce apparent genetic variability.
After 1976, the reduction is larger than could be expected even from intense selection of parents of sampling bulls (18) . For example, selection of the top 1% based on 100 daughters of the sire and three records of the dam would reduce heritability to about 73% of that prior to selection, whereas the actual decrease was Figure 2 . Heritability for fat test estimated from among sire variation by year of first freshening from a model considering all bulls to have random effects and from a model considering only sampling bulls to have random effects. about 50%. Selection of proved bulls, however, can explain much of the reduction in sire variance when effects of both proved and sampling bulls are considered random from a common distribution with zero mean.
Patterns of heritability estimates for fat test are more variable than for milk yield ( Figure 2) and appear to be influenced by short-term changes in emphasis on fat test in selection of sampling bulls and in selection of proved bulls. The pattern for fat yield follows that for milk yield.
Correlations
Phenotypic correlations among milk, fat, and test are in Table 2 . Estimates show little change over time except for decreases in correlations between milk and fat or milk and test and an increase in correlation between fat and test.
Genetic correlations are in Figure 3 . 
Transformations
Residual Standard Deviations. Comparison of standard deviations of transformed and nontransformed variables is made difficult by differences in magnitude. For example, on a linear scale, the residual standard deviations range from 960 to 1350 kg. On a natural logarithmic scale the range is .1680 to .1920, whereas on the square root scale the range is 6.4 to 7.7 kg "s for milk records by year for freshenings from 1960 to 1982. Therefore, to compare trends in residual standard deviations, estimates for each year were divided by 1980 estimates and expressed as percentages in Figure 4 . The 1980 estimates were 1353 kg and .1847 and 7.77 kg" s for linear, logarithmic, and square root scales.
The lower line in Figure 4 shows the increase on the linear scale from 76% in 1961 to 100% in 1980. Little trend is evident until about 1976. From 1976 to 1980 the increase in residual standard deviation is dramatic. The pattern on the square root scale is similar to that on the linear scale, except the smalIest standard deviation (1973) is 85% of the 1980 standard deviation. The pattern on the square root scale is intermediate between the patterns on the linear and logarithmic scales. The pattern on the log scale is somewhat unexpected, although standard deviations over time are more uniform than on the other scales with a range from I06 (1961) to 91 (1973) to 100% (1980). The unexpected pattern consists of larger standard deviations early and late and smaller standard deviations in the middle period. Except for whatever occurred from 1976 on that apparently caused variability to increase greatly, the trend on the log scale would have been predicted to continue to decrease with increasing production over time. The Iog transformation more nearly equalizes variation over time than the linear or square root scales, but an explanation for lower variability in the middle years of the period is not apparent.
Estimates.of residual standard deviations by year and herd production groups are quite variable. Therefore, trends were smoothed by selecting the median from the estimate for the year and the estimates for the 2 yr preceding and 2 yr succeeding. The smoothed estimates then were expressed as a percentage of the largest estimate for all year and herd production combinations. Smoothed percentages are in Figure 5 . The linear scale shows the expected pattern of larger standard deviations as production increases. Although means increased over time for all production groups, there is little evidence for much of an increase in standard deviation until 1976 and later when the standard deviations increased for all groups. Patterns for all groups, in general, are similar to the pattern when data are combined by year.
On the square root scale the pattern is similar over time to the pattern on the linear scale, but the differences between groups are Figure 5 . Smoothed residual standard deviations for first milk records by year of freshening and management level as a percentage of the largest residual standard deviation: a) linear scale, largest standard deviation was 1,430 kg for cows freshening in 1979 in the high-production group; b) square root scale, largest standard deviation was 7.76 kg -s for cows freshening in 1979 and 1980 in the medium-highproduction group; c) logarithmic scale, largest standard deviation was .198 for cows freshening in 1980 in the low-production group. slight, usually 4 to 5% from low to high production groups. Except for the upward trend after 1976, the square root transformation seems to equalize variation over time and production groups.
The pattern in Figure 5c for standard deviations by group over time for log-transformed records is different from patterns for linear and square root-transformed records. For all groups the pattern is similar: larger standard deviations at the beginning and end of the period and smaller standard deviations in the middle of the period. Differences among standard deviations for the same year are larger than on the square root scale and somewhat smaller than on the linear scale. The range from the smallest to largest standard deviations across groups and time is smallest for the square root scale (86 to 100%) as compared with the linear scale (70 to 100% after excluding the low group for 1962) and the logarithmic scale (80 to 100%).
The most surprising feature about the standard deviations on the log scale is the ranking of standard deviations across groups: low-production herds had the largest standard deviations. A concern expressed by Everett et al. (3) and PoweU et al. (16, 17) was that with a larger standard deviation, a higher fraction of cows would be overevaluated and thus designated as "elite" cows than should be expected, PowelI et al. (16, 17) linked this frequency to production, whereas Everett et al. (3) implicated herds on Dairy Herd Improvement (DHI) recording for a short time and with a low percentage of AI. Results of this study, however, suggest that with a logarithmic transformation, cows in low-production herds would be overevaluated and cows in high-production herds would be underevaluated. If heritability is actually lower in low-production herds than in herds with medium and high production, then use of a common heritability for all production groups would lead to even greater overevaluation for cows in low-production herds by logarithmic transformation.
Heritability Estimates. Heritability estimates on linear, log, and square root scales were essentially the same for each year of freshening, as illustrated in Figure 6 for linear and log scales. In nearly all cases these estimates bounded estimates for the square root scale. Hill et al. (7) not only found higher heritability for L09 seo,e "Heril0bility"--M,k larger for the smoothed estimates for most of the period than heritability for the tow-production group until the last part of the period.
Smoothed estimates for the middle production groups do not fluctuate much over time ~ ~.~~~°\ and are similar for both middle production ~~.2s groups with a marked decrease in the last few ~°~ ~ years. Heritability, as estimated from variation among sampling sires, decreased over time in all herd production groups and is distinctly higher in middle than in lower production groups. In contrast to many reports (ll,14,15,23)-heritability for high-production herds appears smaller than in middle-production herds for milk yield but not for fat yield nor test.
records in herds producing above average but also found slightly higher heritability on the log scale. Heritability estimates for year and production group combinations were quite variable, especially for high-and low-production groups in the early years of the study. Table 3 contains heritability estimates by herd production averaged over time by weighting the number of sampling daughters associated with each estimate. Heritability of test shows no association with production in contrast to heritability of milk and fat. Figure 7 shows smoothed estimates of heritability of milk by production over time. Except for the early years, heritability for the low-production group was very low. In contrast to averages in Table 3 ,
Correlations
Genetic and phenotypic correlations by production groups averaged over time are also in Table 3 . No trend is apparent for genetic correlations although, the phenotypic correlation between milk and fat appears smaller in herds with high than low production. Genetic correlations for production and year combinations were extremely variable. Smoothing did not aid in determining any patterns.
CONCLUSIONS
Many questions arise from the results of these analyses. In agreement with earlier reports, residual variation has increased with time. The pattern of increase is similar for records divided into four production groups, although variation is greater in the higher production groups on the linear scale. On the square root scale, variation is similar for any year in all production groups. On the linear and square root scales, the question is, what caused the large increase in residual variation beginning about 19767 On the log scale, two questions arise. Why is variation the smallest in the middle of the time period and greatest at the beginning and end? The second question may be more important. Why is variation greatest in herds with low production and least in herds with high production? The implications of this result for sire and cow evaluation are not clear but need investigation, especially because heritability seems distinctly lower in herds with lower production. These two results argue for continued investigation of what is an appropriate transformation, which is in agreement with Falconer (4), who cautioned that scaling procedures should be chosen carefully and only when there is enough justification.
Heritability estimates are nearly the same whether records are expressed on linear, log, or square root scales. Two questions, however, seem to require further research. Has genetic variation in the population decreased over time, as suggested by analyses of variation among sampling sires, or can the decrease be explained by selection of parents of the sampling bulls? A daughter-dam analysis within sire should determine whether genetic variation has been maintained. There is a second question. Is heritability in herds with low production really as small as appears from these data, particularly in the past 15 yr? If so, does low heritability imply that bulls should be sampled only in herds in middle production? There is some indication that heritability as estimated from among-sire variation is also smaller in highproduction herds than in middle-production herds. Previous studies suggest only that heritability may be only a little smaller in highproduction herds than in middle-production management conditions. These analyses suggest that correlations among milk, fat, and test are essentially the same for the herd production groups included in these data. Although phenotypic correlations seem to have changed only slightly over time, the genetic correlation between milk and fat seems to have decreased markedly and between fat and fat test seems to have increased comparably. No linear trend is evident over time in the genetic correlation between milk and fat test.
